This Page Is Inserted by IFW Operations 
and is not a part of the Official Record " 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not hmited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP. BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES. 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 

IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images^ 
please do not report the images to the 
Image Problem ]\Iailbox. 



(19) 



(12) 



(45) Date of publication and mention 
of the grant of the patent: 
17.07.1996 Bulletin 1996/29 

(21) Application mrrber: 90308524.9 

(22) Date of filing; 02.08.1990 



EuropSlsches Patentamt 
European Patent Office 
Office etiroptendes brevets (11) EP0411941 B1 

EUROPEAN PATErfT SPECIFICATION 

(51) int a.«: C07F 9/38, G07F 9/6524 



(54) Process fbr purifying amlnoRiettiyleiiephosplionlcackls 

Verfahren zur Reinigung von Aminomethylenphosphonsduren 
Pioc6d6 de puriTication cTacides anvnomdthyl^ephosphoniques 



CQ 



o 
o. 

LU 



(84) Designated Contracling Slates: 

AT BE CH DE DK ES FR GB GR IT U LU NL SE 

(30) Priority: 04^1989118389441 

(43) Dateofput)fication of application: 
06.02.1991 Bulletin 1991/06 

(73) Proprietor: THE DOW CHEMCAL COMPANY 
MkUand. Michigan 48640 (US) 

(72) Inventors: 

• Garllch, Joseph R. 

Lalce Jadcson, Texas 77S66 (US) 

• Masierson, Tipton T. 

Lalce Jadcson, Tras 77566 (US) 

• Simon, Jaime 
Angieton, Texas 77515 (US) 



(74) Representative: Raynor, John etal 
WLH. Becic Greener & Co 
7 Stone Buildings 
Lincoln's Inn 
London WC2A3SZ(GB) 

(56) RefererKes cited: 
EP-Ar 0 225 409 

• IC SCHWETUCK ET AL 'Organikimi Organisoh- 
ChemlschesGrundprektilaim' 1969 , VEB 
DEUTSCHER VERLAG DER WISSENSCHAREN 
. BERUN 

• CHEMICAL ABSTRACTS. vOi. 107, na 25, 21 
December 1987. Columbus, Ohio, US; atistract 
na 2368551111, SJL PiSAREVA ET AL: Synthesis 
and complexformation pfoperues of poge 803 
;column1 ; 

• CHEMICAL ABSTRACTS, vol. 97, na 17, 25 

October 1982, Columbus,OhiOb US; abstract na 
145013U, page 703 ;column 1 ; 



Note: Within nine months from the publication of the mention of the grant of the European patent, any person may give 
notice to the European Patent Office of opposition to the European patent granted. fMotice of opposition shall be filed in 
a written reasoned statement. It shall not be deemed to have been filed until the opposition fee has been paid. (Art. 
99(1) European Paterrt Convention). 

Prfmedby Rank Xerox (UK) Business Services 
2.12 4>3.4 



1 



EP 0411 941 B1 



Description 

Many organic aminophosphonic acids and their 
salts are well Known conpounds. especially for their use 
In chelating metal ions. Some of these organic amino- 
phosphonic acids and their salts are used as threshold 
inhftiitors. U. S. Patent 2.599,807 cfisdoses some of 
these compounds and descrildes methods for their prep- 
aratioa An example of the preparation given in this pat- 
ent discloses heating an aqueous solution of 
ethylenediamine an6 then adding to it a solution of the 
sodium salt of chloromethylenephosphonic add and an 
excess of a base. ag. Na2C03. to maintain a pH of from 
1 0 to 1 1 .5. After adding at least a stoichiometric amount 
of the phosphonating reagent i>e sufficient to form the 
completely phosphonated amine salt p.e.. the sodium 
salt of ethylenediaminetetra(methytenephosphonic 
add), (known as NaEDTMP)]. the solution is reftuxed at 
its bcS&nQ point for from one to five hoi^ The solution 
is then cooled and neutralized to a pH of from 6 to 7 and 
evaporated to dryness to recover the desired ethylene- 
daminetetra(niettiy1enepho6phonjc add), [known as 
EDTMP]. 

Another process which makes the symmetrical eth- 
ylenediamirvedi(methylenephosphonic add) in good 
yield involves treating an aqueous solution of two molar 
portions of aminomethylenepfiosphontc add with one 
mdar portion of an alkytene dihallde at an elevated tem- 
perature for a time suflkaent to insure complete reaction. 
This reaction can be accomplished in a few hours under 
reflux In 50 percent ethanol. 

In another patent. U S. Patent 3.738,987. the reac- 
tkm to fonm the aminophosphonic add is begun by inlfo- 
dudng PO^ into water to fbnm pfiosphorous add and 
hydrochloric add (HO). The polyamme is then intro- 
duced into this add sdution. It is preferred to have a 5 
to 10 percent excess of the PCI3. When the anine is 
added, the reaction medium is at a temperature of about 
38 to SO'^C. When ail the amine has been added, the tenv 
perature is raised to akxxit 93 to 104^*0 and an aqueous 
solution of formaMehyde is sparged into tfie reactkm 
mixture, during whtoh t'me the temperature is maintained 
at that level and for several hours thereafter and finally 
cooled. 

In a more recent put)lished patent Japanese hkx 55- 
150501, it is disdosed that much higher yields of the 
desired product are obtained by adding the amine to a 
mixture of phosphorous and hydrochkxic adds in which 
the HsPO^ is in excess with respect to the amine, pref- 
erably from about 4.3 to 5.5 mdes of the acid per mde 
of amine. Concentrated HCI is used, preferably about 2.2 
moles HCI per mole of antina Too nruch add will tend to 
increase the amount of water in the system, wtiich is 
undesirabia No additional water is added to the reaction 
mixture, which is apparently the reason for the improved 
yields, since all the other processes use water and dilute 
adda 

It has recently been discovered that certain of the 
methyleneptiosphonated amines are useful for imaging 



and other racfiopharmaceutical uses when complexed as 

chelates with radioactive metals. Use of the compounds 
for such purposes requires the fvghest purity nnterials. 
It has now been found that, even when using the pre- 

5 fenced processes of the known art. inpurities are formed, 
ag. the N-mettiylated spedes in wftich an amine hydro- 
gen is replaced kiy a m^hyl group rather tttan by the 
methylenephosphonic add nKM'ety. 

While a process to dbtain high purity amtnophos- 

10 phonic adds is Known, a process to rnake an even higher 
purity of such products is the subject of this inventfon. 
The present process involves certain procedures for 
recrystallizalion to obtain the desired high purity prod- 
ucta 

IS Surprisingly, a crystallization process has now t)een 
fbund which produces certain very high purity (99f per- 
cent) aminomethylenephosphonic adds. e.g. ethylene- 
diamtnetetra(m6thyl&iephc^phonic add), [known as 
EDTMP], and 1, 4.7,1 0-tetraazacydododecane- 

20 1. 4.7,1 0-tetra(methylenephosphonic add), [known as 
DOTMP]. EDTMP and DOTMP may each be complexed 
to various metals to form pharmaceutical products (see. 
fbr example, U& Patents 4.898.724 and 4.882,142, 
reepectively). Other amtnophoephonic adds are not eas^ 

2s ily purified in this manner because of their greater solu- 
bility in water at fow pH valuea For example. 
dietfiytenetrianinepenta(methylenephosphonic add) 
[known as DTPMP] and nitrifotrKmethylenephosphonic 
add) ponown as hflMPI cannot be purified by the present 

30 procesa 

The present process of recrystalGzation is accom- 
plished by the steps of: 

(a) dissolving the aminophosphonic add in an aque- 
35 ousbase; 

(b) adding the solution from step (a) to an add sdu- 
tion, optfonally maintained at an elevated tempera- 
ture, to repredpitate the aminophosphonic add: 

(c) optionally heating the sdutfon for a period of time 
40 suff idem to assure that predpitation of the amino- 

phosphonfo add has K)egun: 

(d) filtering the aminophosphonic add crystals; and 

(e) washing the crystals with water. 

45 The first step (a) dssolves the aminophosphonic ackf in 
an aqueous base, preferably ammonium hydroxide, 
wtiich is fdfowed t>y acidifying the solution with an add, 
preferably a mineral add, to a pH within the range of from 
0to4(stepb). Addificatfon with the acid may be carried 

so out either k>y adding the solution to the add, or adding 
the add to the sdutton. The addic solution may then be 
ref luxed, preferably at atemperatu-e of from 35 to 105'>C. 
more preferably from 70 to 105"C, for a period of time, 
preferably of from 0.5 to 3 hoins, mae preferably from 

55 0.5 to 1 hour (step c). The solution can then optfonally 
be coded, preferably to a temperature of from about 
ambient temperatur to about 95''C, mor preferably 
from 25 to 45''C. and allowed to remain at that tempera- 
ture for a period of time to permit the desired preqpita- 
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tion. preferably for a period of from 1 to 24 hours, more 

preferably from 12 to 24 hours. The precipitated, i.e. 
recrystalllzed. aminophoGphonic add is then fDtered. 
preferably at the lower temperature, to obtain the desired 
purified crystals (step d) which are then washed thor- 
oughly with water to remove any solution which might 
contain undesired impurities (step e). The process is 
repeated one or more timesg if the desired purity has not 
been attained. A product containing 0.1 percent or less 
impurib'es can be obtained by the at>cve process. 

Of course, the number of times the recrystallization 
process of ttns invention is repeated wiD depend on the 
purity desired in the final product and also on the purity 
of the starting aminomethylenephosphonic add. 

tt has now been determined that in the case of 
EDTMP. if the reaction medium Is f Otered prior to sub- 
stantial cooling, the resulting EDTMP product has a 
higher purity than if the reaction medium is cooled before 
f ntering. Best results are obtained if the filtration is done 
while the reaction mecfium is at reflux temperature. H is 
beGe/ed tliat this is because the impurities are more sol- 
uble in the hot solution. 

The fbitowing example illustrates the method of 
preparation which results in the purest EDTMP product 
Additional examples below show ttie recrystallization 
process to provide the products which can be used lor 
pharmaceutical purposes. 

Example 1. Preferred Preparation of EDTMP 

A 5-L 3-neck flask equipped with a mechanical stir- 
rer fitted with a Tef km™ paddle was charged with phos- 
phorous add (755 g) to which was added concentrated 
(cone.) HCl (1 .2 Lj. After vigorous stinring. the phospho- 
rous add dissolved, causing the solution temperature to 
drop to O^'C. To this cold solution was added ethylenedi- 
aminedihydrochtoride (271 g) and heat was appDed with 
vigorous stining. At about 60''C, a large volume of HCl 
gas was given off. which was conveniently recovered 
with a water gas trapi At about 88'*C all the ethylenedi- 
aminedihydrochloride was dissolved and heating was 
conlmued to 100'C (refhix). Once the reaction had 
reached 100*0, a 37% aqueous solution of formakfe- 
hyde (902 ml) was added dropwise via a peristaltic 
pump over a 22-24 hour perkxJ (rate was 0.65 mumin). 
After an additkxial four hour reflux time, the boiling sus- 
pensk)n was vacuum filtered (1 .5 L sintered glass filter) 
and washed with two 300 mL portkxis of water. This soKd 
was air dried and 607 g (70% yieM) of EDTMP, m.pi 21 6- 
21 7 decomposition (d) (lit m.p. 214 d) is recovered. H-1 
and P-31 NMR analyses of this sarnple indicated the 
impurities were at a level of less than 1%. 

Example 2. Purification of EDTMP 

A quantity of 1050 g of the EDTMP prepared k>y the 
procedure of Exanrple 1 was added to 1050 mL water in 
a 24. round-bottomed flask and stirred with a medianical 
stirrer fitted with a Tef Ion"** paddia Concentrated NH4OH 



(325 mL) was added in 25-mL Increments over a one 

hour period. After all the NH4OH was added, almost all 
the EDTMP had gone into solution. The smaD amount 
that was not soluble was removed by vacuum filtration. 

5 The dear filtrate was then poured with stinring into 2100 
mL of ref luxing 3M hydrocNoric add in a 5-L round-bot- 
tomed flask equipped with a heating mantle and ther- 
monneter (set at lOO'C). The resulting stinred solutkxi 
was dear andthetemperaturehaddroppedto68*<;. Stir- 

10 ring was continued and after six minutes the temperature 
had risen to 72*C and a sfight precipitate was visible. 
Within 16 minutes, with continued stirring, the tenrpera- 
ture was 87"C and the preciprtate was heavy. After 20 
minutes, the temperature was again at reflux (lOO^'C). 

15 After 30 minutes at reflux temperature, the thermometer 
setting was lowered to 43*'C. After stinring for 21 hours 
at 43*'C, the suspension was vacuum filtered through a 
sintered glass funnel while stOI warm. Water (500 mL) 
was used to transfer the heavy so6d from the flask to the 

20 filter funnel. The filter cake thus obtained was washed 
with three 500-mL portions of water and air dried over- 
night to give 984.8 g of EDTMP, nip.214-215«C. AP-31 
NMR spectrum of this sample indicated about 0.6% 
impurity. The EDTMP used as starting material had 

2S impurity levels of about 1% 

Examples, Puriffcatfen of EDTMP 

A sample of EDTMP prepared in Example 2 (970 g. 

30 0.6%impurit^wasdissolvadin970mLofwaterina2- 
L round-bottomed flaskby the addition of 323 mL of con- 
centrated NH4OH in 25-mL portions. After all solds were 
dissolved, the solution was poured with Stinring into 1 940 
rvL of refhixing 3N aqueous HCl. The temperature 

35 dropped to 74<^ and after seven minutes^ had risen to 
82^C with a faint precipitate visible. After 30 minutes, 
more predpitate had formed and the temperature tiad 
reached 1 00°C. The suspensk)n was left at reflux lor an 
additional hour after whk:h the temperature was lowered 

40 to 43''C and stin-ed for an additional 13 hours. At the end 
of this time, the suspenskm was vacuum filtered using 
450 mL of water to transfer, washed with three 400-mL 
portkxis of water and air dried to give 920.4 g of EDTMP. 
m.p. 214*215*0. A P-31 NMR spectrum of this sample 

45 indicated about 0.4% impurity level. 

The fdfowing Examples illustrate the purtfkation of 
EDTMP from different sources. 

Ega[DBlfi4. Purifkatkm of EDTMP 

so 

The product of Exanple 3 (0.4% impurity. 900 g) was 
dissolved in 900 mL of water in a 2-L round-bottomed 
flask by the additksn of 300 mL cone. NH4OH over a 20- 
minute period. The solution was poured with stirring into 
55 1 800 mL of refluxing 3N aqueous HCl. The temperature 
of the resulting solution dro()ped to 72^0 and after five 
nvnutes of stirring with heat it had risen to 78'*C with 
some preciprtate present Within 30 minutes the temper- 
ature was back to 1 00<'C and was left there fbr one hour 
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after wNch the temperature was lowered to 43*C. After 
Stirring overnight (17.5 hours) at43*C, the heavy prec^ 
itate was vacuum f ittered using 400 mL of water to trans- 
fer« washed with three 400-mL portions of water and air 
dried to give 805.62 g of EDTMP. m.p. 21 5-21^0. A high 
field P-31 NMR spectrum indicated an impurity level of 
around 0.1% for this sample of EDTMP. 

Exaosl&S. Purification of EDTMP 

A sample (50 g J 15 mmoles) of ED'mP containing 
5.81% inrpurities by P-31 NMR was dissolved in 50 mL 
of water by the addition of 1 3.5 mL (1 93 mmoles) cone. 
NH4OH in small portions over a period of 15 minutes. 
This solution of the ammonium salt of EDTMP was then 
poured with stining into 1 00 mL (300 mmoles) of reflux- 
ing 3N HQ. The temperate e. which dropped to IZ'C. 
was brought back to reflux (I00«q wHh application of 
adcfitional heat and vigorous stinring. The EDTMP began 
precipitating from solution almost immediately and con- 
tinued to precipitate with continued stining and heating. 
The solution was maintained at rdlux for one hour after 
which the temperature was lowered to 43*^C and the sus- 
penslonallowedto8tirfDr21 hours, afterwhich the heavy 
white precipitate was vacuum f fltered at that tempera- 
ture, using 25 mL of watertotransf^ and three additional 
25 ML portions of water to wash the predpHate. The pre- 
cipitate was air dried to give 44.2 g (101 mmoles. 89% 
yield) of EDTMP Analysis of this precipitate by P-31 
NMR indicated the impurity level had dropped to 2.38% 

Example 6. Purification of EDTMP 

Asample (50 g. 1 15 mmoles) of EDTMP containing 
5.81% impurities by P-31 NMR was dissolved in 50 mL 
of water by the addition of 13 mL (186 mmoles) oonc 
NH4OM in small portions over a period of 15 minutes. 
This solution of the ammonium salt of EDTMP was then 
poived with stirring into 100 mL (300 mmoles) of reflux- 
ing 3N HCi. The temperature, which dropped to 72^C, 
was brought back to reflux (lOO^'C) with application of 
additional heat and vigorous stirring. The EDTM P began 
precipHaiing from solutton almost immediately, and con- 
tinued to precipitate with continued stirring and heating. 
The solution was maintained at reflux with stining for 22 
hours, after which ttie heavy white precipitate was vac- 
uum filtered at that temperature, using 25 mL of water to 
transfer and three additional 25 mL portions of water to 
wash the precipitate. The precipitate was air dried to give 
34.3 g (79 mmoles. 69% yield) of EDTMP Analysis of 
tNs precipitate by P-31 NMR indicated the impurity level 
had dropped to 1.45% 

Example?. Purification of EDTMP 

A sample (50 g. 115 mmoles) of EDTMP containing 
5.81% impurities by P-31 NMR was dissolved in 50mL 
of water by the addition of 13 mL (186 mmoles) oonc. 
NH4OH in small portions over a period of 15 minutes. 



This solution of the ammonium salt of EDTMP was ttien 
poured witi) stirring into 1 00 mL (300 mmoles) of reflux- 
ing 3N HG. The temperature, which dropped to 72<'C. 
was brought back to reflux (lOO'^C) with application of 

5 additional heat and vigorous stining. The EDTMP began 
precipitating from solutxm almost immediately, and con- 
tinued to precipitate with continued stining and heating. 
The solution was maintained at reflux for one hour, after 
which the terrperature was towered to 70*C and the sus- 

10 pensionalk>wedtostirfor21 hours, after whlchthe heavy 
white precipitate was vacuum fiftered at that tempera- 
ture, using 25 mLofwatertotransfer and three additional 
25 mL portions of water to wash the precipitate. The pre- 
dpitate was air dried to give 41 .4 g (95 nvnde, 83% yield) 

IS of EDTMP. Analysis of this precipitate by P-31 NMR indi- 
cated tiie impurity level had dropped to 2.05% 

Exypplgg. Puriffcation of EDTMP 

20 A sample (50 g, 1 1 5 mmoles) of EDTMP containing 
5.81% impurities by P-31 NMR was dissolved in 50 mL 
of water by the adcfition of 13 mL (186 mmoles) cona 
NH4OH in small portions over a period of 15 minutes. 
This solution of the ammonium salt of EDTMP was tfien 

2s poured with stirring into 1 00 mL (300 mmoles) of ref kix- 
ing 3N HCI. The temperature, which dropped to 72^, 
was brought back to reflux (100*C) with application of 
additional heat and vigorous stining. The EDTMP began 
prec9>itating from solution alnx^st immediately and con- 

30 tinued to prec^xtate with continued stirring and heating. 
The solution was maintained at reflux for one hour after 
which the heat source was removed and the suspension 
allowed to stir at room temperature for 21 hours after 
which the heavy white precipitato was vacuum fiftered at 

35 that temperature, using 25 mL of mter to transf^ and 
three additional 25 mL portions of water to wash the pre- 
cipiiata The precipitate was air dried to give 41 .2 g (94 
mmole. 82% yiekQ of EDTMP. Analysis of this precipitate 
by P-31 NMR incticated the impurity level had dropped 

40 to^11%. 

isamd&a- Purification of EDTMP 

A sample (50 g, 115 mmole) of EDTMP 
45 (DEQUEST«M204l,acommercialsamplefromthe Mon- 
santo Company for a series of aminophosphonic add 
chelating agents) containing 3.65% impurities by P-31 
NMR was dissolved in 50 mL of water by the adcDtion of 
16mL(229mmoles)conc. NH4OH in small portions over 
50 a period of 15 minutes. This solution of the anrunonium 
salt of EDTMP was then poured witii stirring into 1 00 mL 
(300 mmoles) of refiuxing 3N HCI. The temperature. 
whk;h dropped to 72"C. was brought back to reflux 
(100*C) with application of additional heat and vigorous 
55 starring. The EDTMP began prec^»tating firom solution 
almost immediately and continued to precipitate witii 
continued stirring and heating. The solution was main- 
tained at reflux for one hour after which the temperature 
was towered to 43"C and the suspensfon allowed to stir 
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for 21 houre after which the heavy whits precipitate was 

vacuum tittered at that temperature. usir)g 25 mLof water 
to transfer arxJ three additional 25 ML portions of water 
to wash the precipitate. The precipitate was air dried to 
give 44.3 g (102 mmde. 89% yield) of EDTMR Analysis 
of this predprtate k3y P-31 NMR indicated the impurity 
level had dropped to 1.85%. 

^ffl nvl ^lQ . Purification of ED7MP 

A sample (50 g, 1 15 mmoles) of EDTMP containing 
5.81% impurities by P-31 NMR was cOssoived in 50 mL 
of water by the addition of 16 mL (229 mmoles) cone. 
NH4OH in small portions over a period of 15 minutes. 
This solution of the amnmnium salt of EDTh/P was then 
poured with starring into 1 00 mL (300 mmoles) of r^ux- 
ing 3N HCL The tenperature, which dropped to TX'C, 
was allowed to cool to 43''C with continued vigorous stir- 
ring. The EDTMP began precipitating from solution 
almost immediately and continued to precipitate while 
the suspension was allowed to stir fbr 21 hours at 43^C. 
The heavy white precipitate was then vacuum filtered at 
that temperature, using 25 mL of water to transfer and 
three additional 25 mL portions of water to wash the pre- 
dipitata The predprtate was air dried to give 42.7 g (98 
mmole, 85% yield) of EDTMP. Analysis of this precipitate 
by P-31 NMR indicated the Impurity level had dropped 
to 2.95%. 

Examples A and B foliowing are oomparative. 

Example A. Comparative of DTPMP 

A 5 g (8.73 mmoles) sample of diethylenetri- 
aminepenta(methylenepho8phonic add), DTPMP, was 
dissolved In 4 mL of water by the addition of 1.528 mL 
(21.82 mmoles) cone. NH4OH in small portions over a 
period of 1 5 minutes. This solution of the ammonium salt 
of DTPMP was then poured with stirring into 9.15 mL 
(27.45 mmoles) of refkixing 3N HQ. The temperature, 
which dropped to 76''C. was brought batk to reflux 
(100°C) with application of additional heat and vigorous 
sb'rring. The solution was maintained at refhix for one 
hour after wMch the temperature was lowered to 43**C 
and the suspension allowed to stir for 91 hours. Even at 
the end of this lengthy period of stirring, no prec^>itate 
had formed. The solution was allowed to remain at room 
temperature without stirring for an adcfitional 8 days with 
periodic observation. No precipitate had fonmed at the 
end of this time. 

Example B. CompaFative of (4TMP 

A sample of nitrHotri(melhylenephosphonlc add), 
NTVP. (3 g, 10 mmoles) was dissolved in 4.32 mL of 
water by the addition of 1 .049 mL (15.0 mmoles) cone. 
NH4OH in small portions over a period of 15 minutes. 
This solution of the ammonium salt of NTMP was then 
poured with stirring into 6.3 ml (1 8.9 mnx)les) of ref lux- 
ing 3N HCI. The temperature, which dropped to 83''C. 



was kirought kiack to reflux (100*C) wHh appfication of 
additional heat and vigorous stirring. The solution was 
maintained at reflux for one hour after which the temper- 
ature was lowered to 43''Carxl allowed to stir at ttiat tenv 
5 perature for 89 hours. Even at the end of this lengthy 
period of stining, no precipitate had formed. The solution 
was allowed to remain at room temperature without stir- 
ring for an additional 8 days with periodic observation. 
No predpitata had formed at the end of this tima 

10 

BffliTtf e 1 1 ■ Preparation off DOTMP 

Into a 100 mL, three-necked. round-kx>ttomed flasli, 
equipped with a themrameter. reflux condenser and 

15 heating mande^ was placed 3.48 g (20.2 mmoles) of 
1,4,7,10-tetraazacycloidodecane (a commercial product 
otrtained from Parish Chemical Corr^p^iy, Orem, Utah) 
and 14 mL water. To thte solution was added 1 7.2 mL of 
cona HCI and 7.2 g of H3PQ3 (87.7 nwnoles) and the 

20 solution was heated to 1 05°C. The refluxing solution was 
stirred vigorously while 13 g(1 60.2 mnfK)les) of formalde- 
hyde (37% aq. soln.) was added ever a period of one 
hour. The ref luxing solution was stirred an additional two 
hours. The heat was then removed and the solution 

25 allowed to cool to room temperature and stand for 62.5 
hours. The reaction solution was concentrated by heal- 
ing at 40''C in vact/oto a reddish brown semi-soiid. A 30- 
mL portion of water was added which produced a sus- 
pension. This suspension was then poured into 400 mL 

30 of acetone with vigorous stirring. The resulting off-white 
precipitate was vacuum filtered and dried overnight to 
give 10.69 g (97% yield) of DOTMP. 

Etamrifi^ Purification of DOTMP 

35 

A 2.0 g ( 3.65 miTKries) sample of DOTMP from 
Examplell was dissolved In 2 mLof water by the addi- 
tion of 700 (tLconc. NH4OH in 100 fiL portions to give a 
solution Graving apH of 2-3. Thte solution was then added 

40 all at once to 4.5 mL of 3N HO (13.5 mmoles). mixed 
well, and allowed to stand. Within one hour, small nearly 
square crystals had begun to form on the sides of the 
glass below the surface of the liquid. The crystal growth 
was allowed to continue and the crystals were gently 

45 bumped off the vessel waRs. filtered, washed with lour 3- 
mL portions of water and air dried to constant weight to 
give 1 . 1 9 g (60% yield) of white crystalline soBd rapi 270 
(d)*'C. 

The DOTMP signal in the decoupled P-31 NMR 
50 spectrum of the starting material represented 78. 1% of 
the total phosphorous signals present while that of the 
product obtained after the base^add recrystallization. 
represented 94.7% off the total phosphorous present 

ss Example 13 . Preparation of DOTMP 

Into a 250-mL three-necked, round-bottomed flasK 
fitted with a thermometer, tenperature controller, addi- 
tion funnel and stirring bar and attached to a ref lux con- 
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denser was placed 6.96 g (0.04 mole) 1.4.7.10- 
tetraazacyctododecane (a commercial product obtained 
from Parish Chentical Company, Orem. Utah). To this 
was added 1 4.5 g (1 .77 motes) phosphorous add. 30 mL 
deionized water and 28 mL (0.336 mole) cona HCI. After 
the solution had be^ brought to reflux temperature 
(105'C). aqueous (37%) formaldehyde (26.0 g» 0.32 
mole) was introduced into the flask through the addition 
funnel during a 30 to 40'minute period. The solution was 
heated and stirred for three more hours at reflux and then 
pemnitted to cool to ambient tenrperahira 

The reaction solution was then transferred to a 500 
mL round bottomed flask an attached to a roto-evapora- 
tor apparatus. The solution was enporated to an amber, 
viscous semi-sofid. the temperature narer exceeding 
40*C in the heating bath. To the viscous material was 
added about 300 mL HPLC grade acetone, producirtg a 
light brown, sikkf, viscous oil wfUch was then (fissolved 
i n 22 mL of water and added slowly with vigorous stirring 
to 1 L of acetona The acetone was decanted and the 
light colored oa dried under vacuum to give 16.6 g (76% 
yield) of crude DOTMP. A portion (13.1 g) off the crude 
DOTMP wasdissolved in 39.3 gdek)nized water, treated 
with a seed crystal and aHowied to stand overnight. The 
resulting prec^xtale was vacuum filtered, washed with 
COM water and dried under racuum to give 4.75 g (36% 
yieU) of DOTMP. 

Examote 14. Purif Icalion of DOTMP 

A quantity (3.0 g. 5.47 mmoles) of the DOTMP pre- 
pared in Example 13 was recrystaUized by dissolving it 
in 3 mL of water by the additkm of 2.2 mL ^1 .5 nrwnoles) 
of oorxx NH4OH. This solution was added with stirring to 
2.4 mL (28.8 mmoles) of cone. HCI at which time a white 
sofid precipitated. This precipitate was vacuum filtered 
and dried to give 2.42 g (81% yield) of DOTMP, m.p. 280 
WO. 

The DOTMP signal in the decoupled P-31 NMR 
spectrum of the starting material represented 97.2% of 
the total phosphorous signals presenL The DOTMP sig- 
nal in the deooipled31-P NMR spectrum of the product 
after the base/ackl recrystalfization. represented 98.2% 
of the total phospfiorous signals present 

Example IS. Preparatfon of DOTMP 

lntoa250-mLbeaker containing 85.77g (.871 mole) 
cone. HCI was added (57.1 1 g, 0.696 mole) solid phos- 
phorous add and (fissolved with stining. A 250 mL three- 
necked, round-bottomed flask was toaded with 1 ,4.7,10- 
tetraazacyckxkxlecane (10.00 g, 0.58 mole) and 
attached to a refhix condenser. This apparatus was 
placed on a heater/stirrer and fitted with a thermometer 
which controlled an infra-red lamp through a temperature 
controller. The add solution was carefully added to the 
reaction flask containing 1.4,7.10-t6traazacydodo- 
decarre. 



The reaction mix, wNch had t^ecome a white durry. 
was brought to reflux temperature (about lOS^'C^. Aque- 
ous 37% fbrnr«ldehyde solution (94.12 g. 1.16 moles) 
was added all at once to the reaction mix. The slurry 

5 immediately turned to a dear solution. The reaction was 
continued at reflux with constant stimng for approxi- 
mately five hours. The reactk>n solution was cooled and 
188 mL transferred to a one liter Ertenmeyer flask and 
diluted with 470 mL of 0. 1 M hydrochloric add solution (1 

10 to 3.5 dilutton). The sotutkm was seeded with a few 
^ns of DOTMP and placed in the refrigerator over- 
night. The resulting white solid predpitate (1 .35 g) was 
collected 17 hours later by fltration on a medium glass 
fritted funnel. The filtrate was transfen^ed from the filter 

IB flask tack into the one liter Eriervneyer. seeded again 
with a few grainsof DOTMP, and placed in the refrigerator 
overnight The next day the white precipitate was filtered 
(2.70 g) and the f Otrate concentrated under vacuum to 
80 mL Thisfiltratewasthendilutedwith200 mL of water, 

20 seeded as above and aOowed to starxi In a refrigerator 
for 72 hours, after which the white solid was filtered and 
dried to give 8.85g (28%yieU) of DOTMP. 

Exampia 16. Purificatkm of DOTMP 

25 

bi the reactor of Example l5a50mLthree-neckad 
flask was loaded with 15.6 mL of 3N HO solution (46.8 
mmoles) and placed on a heater/stirrer. This solution 
was taken up to relhix temperature (about 1 03''C). A sep- 

30 arate solution was made by placing DOTMP (8.00 g, 1 4.6 
mmoles). prepared in Example 15. into a 50 mL beaker 
and dissolving it t>y adding 8.00 g HPLC grade water and 
(Z52 mU 36.0 mmoles) of ooncentrated (14.3M) ammo- 
nium hydroxide. 

35 The DOTMP/NH3 sdutton was added all at once 
with constant stirring to the refluxing 3N HQ solutioa 
The temperature dropped to about 75''C and was quiddy 
broughtt»cktoreflux and maintained therefor about one 
hour. The temperature was k>wered to 43''C and main- 

40 tained there for a period of 21 hours. TTilsdunry was then 
filtered through a glass medium filter funnel, transfenring 
itwith about 4 mL water and washing thefilter cake addi- 
tk)nally with about 4 mL of water. The filter cake was air 
driedtDgive6.79g (85%ylekf) of afine. white solkl. Anah 

45 ysis showed that the co^oducts were reduced from 
6.85% In the original DOTMP sample of Example 15 to 
3.11% in this sample. 

ExamplBl7. Purlfkatfon of DOTMP 

so 

Into a 50-mL three-necked flask, fitted with a ther- 
mometer and water jacketed condenser, was introduced 
a 3N HCI solution (1 3.25 mL, 39.76 mmoles). This appa- 
ratus was placed on a heater/stin^er arxi heated to reflux. 
6S A separate solution of DOTMP was prepared by 
adding the DOTMP (6 .79 g. 12.38 nrvnoles), prepared 
in Example 12. to a 50 mL beaker and dissolving it by 
adding 6.8 g of water and 2.14 mL (30.59 mmdes) of 
concentrated ammonium hydroxkia This solutfon wasf 9- 
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tered through a paper filter to remote trace solids; then 
added all at once to the ref luxing hydrocMoric add solu- 
tion prepared above. The resutting white suspension was 
heated for one hour at reflux and then the tenrperature 
was towered to 43''C. After allowing the suspen^on to 
stir at this tennperature for a total of about 21 hours the 
white solid was filtered through a fine glass fritted funnel 
washed with aboutS mLof deionized water, then allowed 
to air dry. A total of 6. 14 g (90% yield) of DOTMP was 
thus recovered as a fine white solid. Analysis by P-31 
NMR showed an increase in purity from 96.89% for the 
DOTMP used as starting material to 98.37% for the 
DOTMP product recovered. 

Exarole 19. Punf icalion of DOTMP 

A 50 mL three-necked» round bottomed flask was 
loaded with 12.0 g (36.0 mmoles) of 3N hydrocNoric acid 
solutioa A stir bar was «Jded and the HCI solufion was 
brought up to reflux temperature with constant stining. 

A 50 mL beaker was foaded with 6.14 g (11.2 
mnK)les) of DOTMP prepared In Example 17. An equal 
weight of delonized water was added (341.1 mmoles) 
and the DOTMP was brought into solution through the 
addition of 1.94 mL (27.7 mmoles) of concentrated 
ammonium hydroDdda This solution was filtered through 
a paper filter to remove undissolved solKte, then added 
an at once with vigorous stirring to the ref luxing hydro- 
chtoric add solutkm. A wNte precipitate formed immedi- 
ately from the additkin of the two water-dear sdutfons. 
The suspension was heated to reflux and allowed to stir 
for about one (1) hour at this temperatura The temper- 
ature of the flask was then kiwered to about 43''C and 
aflowed Id stir at this temperature for a total of about 21 
hours. 

The white solid was filtered at this tenrtperatura 
washed with 8 mL of water and air dried to give 5.90 g 
(87% yield) of purified DOTMR Analysis by P-31 NMR 
indicated greater that 99% purity of DOTMP had been 
achieved. 

Example 19. PurificatkKi of DOTMP 

The 1 .35 g sample and the 2.7 sarrple of DOTMP 
prepared in Example 15 were combined and ground to 
afine powder. A P-31 NMR analysis of tNs sample indi- 
cated 6.40% non-DOlMP phosphorous-containing t>y- 
products were present. A 1.00 g (1.82 mmoles) sample 
of this DOTMP was added to a 3-dram viai along with a 
1.00 g portion of water and a stir bar. This slurry was 
stiaed while adding concentrated anmonium hydroxide 
(315 )iU 4.5 mmoles) in small portions (42 |iL) until com- 
pletely dissolved. 

A 4<bain vial was kiaded with 1.95 mL of 3N HQ 
solution (5.85 mmoles) and equipped with a stirring bar 
and reflex corxienser. This solution was brought to reflux 
temperature using a mineral oil bath. Th DOTMP solu- 
tion from above was added to the ref luxing HQ solution 
with stirring dropping the temperatur to 75''C. This solu- 



tion was agsun brought to reflux and hekl for one hour 
with constant stirring. The temperature was then lowered 
to 43^C and held ttiere with constant stinring for a total of 
21 hours. The white precipitate was then fBtered and 
5 washed with 4 portions of 0.5 ml of oold water. The 0.72 
g (72% yieki) of DOTMP ttujs purified showed only 
2.28% phosphorous containing by-products when ana- 
lyzed by P-31 NMa 



The recrystallization of Example 19 was repeated 
except that after tiie one hour reflux perfod the solki was 
filtered whOe hot, washed with hot water, and dried to 
IS give 0.84 g (84% yiekQ of DOTMR This material was 
analyzed t)y P-31 NMR and foundtocontain only 1.74% 
phosphorous oontairwig t>y-products as compared to 
6.40% present in the starting DOTMP. 



bi the apparatus of Example 13 was placed 7.5lg 
(0.125 mole) ethylenecfiamina 47.3g (0.5 mole) phos- 
phorous add, 59 mLconc. HCI (0.737 mole) and 80 mL 
water. The solution was heated to reflux with stirrvtg and 
treated witti 1 6.6g (0.5 mole) paraformaldehyda added 
in small portions over a one hour period. The sdution 
was then refluxed an additional 2.5 hours and altowed to 
cod to room temperature overnight The resulting white 
solid EDTMP was then vacuum filtered and washed with 
two50-mLportionsof water. This proceduregave32.27g 
(60% yiek!) EDTMR Analysis of this sanpte by P-31 
NMR indicated a 6.4% level of by-products present 



The procedure of Comparative Example 0 above 
was repeated using hdf the akxsve amounts. After all the 
parafbrmakiehyde had been added, a portion of the 

40 reaction solution ¥vas maintained at 90-97''C overnight 
after whk:h a voluminous white precpitate had 
appeared. The suspension was fatered while stiD hot and 
washed withtwo4a-mLportions of hot3N HO. Thesofid 
thus isolated was air-dried to give 5.25 g EDTMP. oon- 

45 taining only 1 .4% by-product level. 

Claims 

1 . A process for purifying ethylenediaminetetra(nneth- 
60 ylenephosphonlc add) or 1 .4.7,l0-tetraazacydodo- 
deGane-1,4.7,lO-tetra(metiiylenepho6phonk: add) 
which comprises the steps of: 



(a) dissolving the aminophosphorac add in an 
SB aqueous base; 

(b) addifying the solution from step (a) witii an 
add to repredpitat the aminophosph nicacid; 

(c) filtering th arrinophosphonic add crystals; 
and 



10 Example 20 . Piarification of DOTMP 



20 Example a Comparative for EDTMP 
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(d) washing the crystals with water. 

2. A process as claimed in Claim 1 , wherein the aque- 
ous base in step (a) is ammonium hydraxideL 

3. A process as claimed in Claim 1 or Claim 2. wherein 
the acid in step (b) is a solution of a mineral acid. 

4. AprocessasclaimedinClaim3.whereinthemineral 
acid is hydrochtoric add. 

5. A process as claimed in any one of the preceding 
claims, wherein the pH of the mixture after the addi- 
tion of the add solution from step (a) to the add is 
from 0 to 4. 

6. A process as datmed in any one of the preceding 
daims, wherein after addition of the solution from 
step (a) to the acid, the solution is heated to assist 
purification of the aminophosphonic add. 

7. A process as claimed in Qatm 6. wherein the said 
heating is earned out for from 0.5 to 3 hours. 

8. AprocessasdaimedinClaimT.whereintheheating 
period is from 0.5 to 1 hour. 

9. A process as daimed tn any one of Claims 6 to 8. 
wherein the said heating is canied out at a temper- 
ature of from 35 to lOS^'C. 

10. A process as daimed in Claim 9, wherein the tent- 
perature is from 70 to 105*C 

11. A process as claimed in any one of Claims 6 to 10, 
inducting a step of cooling the solution before the 
filtration step (c). 

12. A process as daimed in Claim 11, wherein the solu- 
tion is cooled to a temperalure of some ambient to 

95»C. 

13. A process as daimed in Claim 11 or Claim 12. 
wherein the sdution is cooled to a tenperature of 
liom25to45^C. 

14. A process as daimed in any one of Claims 11 to 13. 
wherein the solution is cooled for from 1 to 24 hours. 

15. A process as daimed in Claim 14. wherein the solu- 
tion is cooled for from 12 to 24 hours. 

16. A process as claimed in any one of the preceding 
daims. wher^n the add used for acidiftcation of the 
solution of step (a) is at an elevated temperature. 

17. A process as daimed in any one of the preceding 
daims, wherein step (a) to (c) indusive are repeated 
at least onca 



1 & A process for preparing ethylenediamin6tetm(meth- 
yienephosphonic add) which comprises reacting 
ethylenediamine. phosphorous add, hydrochloric 
add and formaldehyde or paraformaldehyde and 
5 heating the reaction medum to reflux temperature, 
characterised in that the product is filtered from the 
reaction medium prior to cooling. 

1 a A process as daimed in Claim 1 8. wherein the f iltra- 
10 tion is acoompfished while the reaction medium is at 
reflux temperatura 

2a A process as daimed in Claim 18. wherein the eth- 
ylenediamine is in the form of a hydrochloride. 

IS 

PaterttansprOche 

1. Verfahren zum Reinigen von Ethylendiaminte- 
tra(methylenphosphons&ure) Oder 1.4.7.10-Tetraa- 

20 zacydododecan- 1.4.7, 10- 

tetrB(methylenphosphonsdure), welches die 
SchrittB umfaOt: 

(a) AuflOsen der Am'nophosphonsflure in einer 
2s waBrigen Base: 

(b) Ansduem der LOsung aus Schritt (a) mit 
einer Sdure, um die Am^tophosphonsfture 
erneut zu prdzipttieren; 

(c) Filtrieren der AminophosphonsaurekristaHe: 
30 und 

(d) Waschen der Krislalle mit Wasser. 

2. Verfahren nach Anspruch 1 . worin die wABrige Base 
in Sdiritt (a) Ammortiumhydraodd ist 

35 

3. Verfahren nach Anspruch 1 Oder Anspruch 2, worin 
die Sdure in Schritt (b) eine LOsung einer Mineral- 
sflureisL 

40 4. Verfahren nach Anspruch 3. worin die Mneralsaure 
Salzsdure ist 

5. Verfahren nach dnem der vortieigehenden AnsprO- 
che. worin der pH-Wert des Qemisches nach der 

45 Zugak)e der sauren LOsung aus Schritt (a) zu der 
Saure von 0 t)is 4 l^etrdgt. 

6. Verfahren nach einem der vorhergehenden AnsprQ- 
che, worin nach Zugat)e der LOsung aus Schritt (a) 

so zu der Sdure die LOsung enrvdrmt wild, um die Rei- 
nigung der Aminosphosphonsdure zu unterstOtzen. 

7. Verfahren nach Anspruch 6. worin das Enwarmen 
wflhrend 0.5 t)is 3 Stunden durchgefOhrt wird. 

55 

8. Verfahren nach Anspruch 7. worin der Enwdrmungs^ 
zeitraum von 0.5 bis 1 Stund t>etragt 
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9. Verfahren nach einem der AnsprOche 6 bis 8. worin 
das Efwarmen bei einer Temperatur von 35 bis 
105*Causg6fQhrtwird. 

10. Verfahren nach Anspruch 9. worin die Tenperatur s 
von70bis105«CbebdgL 

11. Verfahren nach einem der AnsprOche 6 bis 10, 
umfaseend einen Schritt worin die LOsung vor dem 
Ftitratk)nsschritt(c)gek£khftwird. io 

12. Verfahren nach Anspruch 11, worin die LOsung auf 
eine Temperatur von etwa Raumtenrperatur bis 
95'*C gekuNtwird. 

IS 

13. Verfahren nach Anspruch 11 Oder Anspruch 12. 
worin die LOsung auf eine Temperatur von 25 bis 
45«CgekQhnwirdL 

14. Verfahren nach einem der AnsprOche 11 bis 13, 20 
worin die LOsung wahrend 1 bis 24 Stunden gekuhtt 
wild. 

15. Verfahrennach Anspruch 14, worin die LOsung von 

12 bis 24 Stunden gekOhtt wild. 2S 

16. Verfahren nach einem der vorhergehenden AnsprO- 
che. worin die zur Ansftuerung der LOsung aus 
Schritt (a) verwendete Sdure eine erhOhte Tempe- 
ratur hat 30 

1 7. Verfahron nach einem der vorhergehenden AnsprO- 
che. worin Schritte (a) bis einschlieOlich (c) minde- 
stens einmal wiederholt werden. 

18. Verfahren zum Heistellen von Ethyiendianinte- 
tra(methyienpho6phonsaure), welches das Unset- 
zen von Ethyiencfiamin, PhosphonsAure; SabsAure 
und FbrmaWehyd Oder Raraformaldehyd und das 
Enwarmen des Realdionsnnedfums auf RQcMluB- 40 
temperatur umfaOt 

dadurch gekennzeichnet, 

daS das Produkt vor KDhlung vom Realdtonsme- 
dium abntriert wird. 

45 

19. Verfahren nach Anspruch 18. worin die Filtration 
ausgefOhrt wird wfthrend das Reafclionsmedium 
RQckfluetemperatur hat 

20. Verfahren nach Anspruch 1 8. worin das Ethytendia- 50 
min in der Form eines Hydrochlorids vorliegt 

Revendlcatkms 



(a) dissolution de Tacide aminophosphonique 
dans une base en solution aqueuse ; 

(b) acidification de la solution provenant d 
r^tape (a) avec un adde afin de reprddpiter 
radde aminophosphonique ; 
{c)fQtrationdescristauxd'acideanunophospho- 
nique ; et 

(d) lavage des cristaux avec de Peau. 

2. Proc^ conforme d la revendication 1 . dans lequel 
la base en solution aqueuse de Ptepe (a) est 
rhydroxyde d'anvnonium. 

3. Proc^ confbrme d la revendication 1 ou 2, dans 
lequel I'acide de r^tape (b) est une solution d*un 
acidemin^raL 

4. ProoddO conformed la revendication 3. dans lequel 
I'acide mineral est Tadde chlorhydriqua 

5. Proc^ conforme k Tune quelconque des pr6c6- 
dentes revendications, dar^ lequel le pH du 
melange aprte raddition de la solution d'acide pro- 
venant de l*6lape (a) & I'adde vaut de 0 A 4; 

6. ProcOdO conforme k Tune quelconque des pr6c6- 
dentes revendications^ dans lequel aprds I'addition 
de la solution provenant de rdtape (a) d Tadde. on 
chauffe la solution pour fadfiter la purification de 
radde aminoptoshoniqua 

7. Proc6d6 conforme k la revendication 6. dans lequel 
on effectueleditchauftage pendant unedur6ede0,5 
k 3 heur^ 

8b Proc6d6 conforme A la revendication 7. dans lequel 
ladiff^dechaufbgeestdeO,5A1 heure. 

9. Proc6d6 conforme h Vune quelconque des revendi- 
cations 6^8, dans tequel on effectue ledit chaufitage 
k une temperature de 35 d lOS^'C. 

la ProcW conforme 4 la revendication 9. dans lequel 
la temp^ature vaut de 70 A lOS'^C. 

11. Proc6d6 conforme dhinequelconciue des revendi- 
cations 6 d 10, comprenant une dtape de refroidis- 
sement de la solution avant r^tape de filtration (c). 

1 2. Proc6d6 oonforme d la revendication 1 1 , dans lequel 
on refroidit la solution k une temperature qui se situe 
dans I'Intervalle allam de la temperature ambiante k 
95«C. 



1. ProcOde qui consisted purifier radde ethyldnedia- 55 13. Procedeconfbrmedlarevendication11ou12.dans 
minetetramethytenephosphonique ou adde lequel on refrddit la solution k une temperature qui 

I.4,7,l0-t6traazacydododecane-l ,4.7.10- se situe dans Untervalle aflant de 25 k 45'>C. 

tetra(methyienephosphorique) et qui comprend les 
etapesde : 
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14. Proc6d6 conforme ft l*tjne qtieloonque des revendi- 
cations 11 d 13, dans lequel on refroidit la solution 
pendant 1 k 24 heures. 

15. Prockl6oonfomieftlarevendication14,dan5lequel s 
on refroidit la solution pendant 12 ft 24 heures. 

16. ProcW conforme ft fune quelconque des pr^cft- 
dentes revendicationSk dans lequel radde utilisd 
pour ractdilication de la solution de r6tape (a) se io 
trouve ft une tenY)6rature ftlevfta 

17. Proc6d6 conforme ft l*une quelconque des pr6c6- 
dentes re^endications. dans lequel on rftpftte les 
tepes de (a) ft (c) induse au moins une foisw is 

la. ProcftdftdeprftparationderacideftlhyldnecBamine- 
tftlra(m60iylftnephosphoraque) qui oomprend le fait 
de foire rte^r i'dttrylftnedlamine. radde phospho- 
reux. radde chlortiydique et le formaldehyde ou le 20 
parafonrialdfthyde. et le fait de chauffer le nrulieu 
r^actionnel jusqu'ft une temp^ratu^e de reflux, 
caractftrisft en ce qu'on fOtre le produit du milieu 
rftactionnel avantde refiroidir. 

25 

19. ProcM6oonformeftlaramdicallon18,danslequel 
on rftaOse la fUtFBtion tandis que I e mBieu rftacKonnel 
se tiouve ft une tempftmture de refhix. 

20. Procftdftconformeftlaretrandication 18, dans lequel so 
rethylftnediamine est sous la forme d'un chlorhy- 
drate. 
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